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CHAPTER I

INTRODUCTION

Background
Although the United States may not be facing an
immediate crisis, General David C. Jones, USAF, Chairman of
the Joint Chiefs of sStaff (30:1) cautioned Congress in
January, 1980 that:
Under the best circumstances, the 1980's will be
a period of widespread international turmoil and insta-
bility. . . . The world is in many ways more different
and more threatening than a year ago and all signs
point to even greater risks as the days pass.
In this light, it is imperative that the United
States and its allies obtain the optimum effectiveness from
each weapon system. U. S. survival depends on the main-
tenance of a credible military and economic posture. 1In
addition, it depends on the allies' ability to marshall
defense resources in a timely manner to meet any military
threat. 1In this era of shrinking budgets and conservative
military funding, the Department of Defense (DOD) must
pursue higher levels of weapon system effectiveness
(1:70-74).
The Air Force concept of system effectiveness (SE)

is the product of three factors: availability, depend-
ability, and capability. The following diagram depicts the




Air Force system effectiveness concept (6:Fig 1-2):

SYSTEM EFFECTIVENESS

i v ol
AVAILABILITY DEPENDABILITY CAPABILITY
Measure of Measure of Measure of
system condition system condition results of
at start of during performance mission
mission of mission
- Reliability - Flexibility - Lethality
- Maintainability - Survivability - Destruction

Source: Adapted from Blanchard and Lowry,
Maintainability, p. 3 (McGraw-Hill Book Company, 1969).

Availability
Although the Air Force, Navy, and Army concepts of

SE differ, there is agreement as to availability factors.
All three services agree that availability, which is the
probability that a system will be ready for use, is a
function of reliability and maintainability (8:1-14; 34:2).
Because availability ultimately impacts dependability and
capability later in the system mission, availability,
reliability, and maintainability will be the focus for the

remainder of this thesis.

Reliability
Reliability is generally defined as the probability

of successful performance under specified conditions of

1
1;




time and use (8:1-14; 18:5-3; 34:3). DOD Military Standard !

Reliability, Maintainability, Human Factors and Safety,
defines reliability as the probability that an item will

perform its intended function for a specified interval
under stated conditions (31:7).

Reliability, as it relates to weapon systems, is
one of the most important characteristics by which the
tactical suitability of a product is judged. As tactical
roles hecome more sophisticated and keep pace with the
changing threat, weapons systems must become more complex
to satisfy increased performance requirements (20:1). When

the system configuration becomes more complex, reliability

becomes more problematic (29:126). Not only does it become
more difficult to define and achieve a specified design
reliability, it also becomes more difficult to control and
demonstrate after production. Because a predictable upper
limit of reliability exists for every system concept or

design approach, total elimination of these difficulties is

impossible (8:1-1).

Defense managers and design contractors have
recognized the reliability problem for a long time. They
have attempted to improve reliability in the weapon
v, acquisition process for the past thirty years (1:10-66).

In 1952, the Advisory Group on Reliability of Electronic




Equipment formed and made many recommendations for reli-

ability improvement. One recommendation resulted in the

establishment of a military standard for designing and

conducting reliability tests (MIL-STD-781) (20:1).

The DOD recognizes that exercising deliberate and

positive reliability engineering methods throughout the

evolutionary life cycle of the weapon system can increase

Reliability is control-

the upper limit of reliability.

lable from the early planning stages through design,

development, production, and the inevitable product

improvement phases. To insure a high probability of

program success, management should constantly monitor and

guide reliability throughout the system life cycle (8:1-1;

14:126; 32:1-3).

Maintainability

Maintainability is a term used to define a charac-

teristic of design and installation. It is expressed as

the probability that an item will be retained in or

restored to a specific condition within a given period of

time when the maintenance is performed in accordance with

prescribed procedures and resources (32:5). Another common

definition expresses maintainability in terms of ease and

economy of maintenance, safety, and accuracy in the

performance of maintenance actions (6:1; 10:1-10).




The objective of maintainability is to design and
develop systems which can be maintained in the least time,
at the least cost, and with minimum expenditure of support
resources- without adversely affecting the item performance
or safety characteristics (6:1).

The increasing complexity, size, and quantity of
items comprising a system requires increased maintain-
ability emphasis during the engineering phase (6:1; 8:1-1).
Maintainability goals pressure designers to provide
equipment the USAF can procure, operate, maintain, and
support for less expenditure of critical resources (6:3;
12:16-22).

One point should be made clear. Maintainability
differs greatly from maintenance. Maintainability is a
design parameter and involves initial acquisition cost;
whereas, maintenance is a consequence of design and
involves continuous costs and efforts. Maintenance costs
often range from ten to one hundred times the procurement

cost (34:7).

Determination of Availability

Determination of weapon system availability in the
United States Air Force is a continuing problem. In
particular, estimating tactical missile availability is
very difficult due to the various operational environments,

reliability estimates and maintenance concepts employed.
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As new missile systems enter the USAF inventory, avail-~

ability estimates drive maintenance resource requirements,
manpower levels, logistic support requirements and
eventually the number of missiles required to meet the
mission requirement.

A computer simulation model of the air-to-ground
AGM-65 Maverick missile maintenance and operational
environment provides a starting point for determining
tactical air-launched missile availability and the factors
which impact on availability. Based on Mean Time Between
Failure (MTBF) and maintenance data from the field, the
simulation model will estimate missile availability and
allow sensitivity analysis to be conducted on maintenance
resource requirements, manpower and logistic support

requirements.

Problem Statement

There is a need for a missile specific computer
simulation model based on existing maintainability,
reliability, support equipment and manpower data which
allows USAF managers to realistically estimate missile

avajilability.

Literature Review

Availability of a weapon system can be influenced

by efficient management and logistics planning and better
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design and development of the system. This thesis will not
consider specific engineering design techniques since the
concern here is with support of a system once it has been
designed. Consequently, engineering studies on procedures
for designing reliability and maintainability into the
system will be excluded. However, the general concept that
improved design for reliability or maintainability can

increase availability will be considered.

Review of Existing Availability Models -
Analytical Methods

A mathematical model of a system consists of a set
of equations whose solution explains or predicts changes in
the state of the system. The use of mathematical models is
a result of analytical efforts to abstract and describe the
real world. 1It is abstraction that makes mathematical
models general, subject to manipulation and precise in
terms of information gained in their use (23:11-12).

There are two reasons for mathematical models'
popularity. First, there is in the discipline of mathe-
matics, an inherent rigor that forces the decision-maker to
identify the important elements of the problem and the
relationships that exist among these elements. Second,
mathematics is a powerful technique for manipulating data
and coming to conclusions based on a set of assumptions

(22:5).
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Formal mathematical analysis may be the most
degsirable and powerful approach to problem solving when the
necessary data is available. However, this method which
consists of writing equations which completely describe the
problem under study, is frequently too complicated to
utilize and in some cases the mathematics have not been
developed which will permit all the desired factors to be
considered simultaneously. The mathematical model is also
a problem in communication. It is often hard to convince
people what the formula says is really the best thing to
do. Additionally, lack of precise information, insufficient
evidence concerning cause and effect and uncertainty limit
the usefulness of mathematical tools in dealing with
management problems (27:39).

General analytical methods for computing system
availability are essentially the same, but use different
wording particularly for the maintenance or down time
portion of the formula and the denominators of the

formulas. Igor Bazovsky's Reliability Theory and Practice

includes a chapter which covers system availability.

Bazovsky defines system availability as (4:173):

where:

A = availability




M = mean time between failures

Tln = average maintenance time for every system
operating time (includes preventative and
corrective maintenance)

A thesis entitled "Reliability and Maintainability
Analysis: A Conceptual Design Model" defines system avail-
ability as the fraction of total time a system is operating
or capable of doing so. The formula is (1l1l:4):

Availability = MTBF
MTBF + MDT
where:
MTBF = mean time between failure
MDT = mean down time, the mean time during which the item
is not in condition to perform its intended function

The advanced medium-~range air-to-air missile
(AMRAAM) system availability is being calculated using the
following formula (17:B-29):

Availability = possessed hours - MD hours
possessed hours

where:

possessed hours = total accumulated clock hours the mi_sile
is on hand, regardless of operational status, possessed
time begins on arrival, accumulating twenty-four hours
per day thereafter until the item is expended or
removed from the program.

MD hours = mission downtime status exists when a missile is
in a condition in which it cannot perform its entire
operational mission, MD hours are the total hours in
this status.




For example, if possessed hours were forty-eight

and the mission downtime were six hours, the availability

for the AMRAAM missile system would be:

Availability = 4828

= ,875

A method used to compute the AIM-9L Sidewinder

missile availability included the formula (16:B-22):

Ao = Ms x D

' M_ + (ACC x MDT)

where:

| A, = operational availability

59 : M_ = missile mean flying hours before failure (MFHBF)
in flight hours based on guidance and control section

(GCS) data

D = fraction of AIM-9L missiles delivered that pass
incoming inspection

ACC = missile captive carry flight hours per month

MDT = missile down time which included ordering/shipping/
repair time (taken frfom the AIM-9J Recoverable
Consumption Requirements/File Maintenance AFLC Form

- 712)

For example, if Ms was 265.2 flight hours, D was 17

- migssiles inspected and 17 missiles passed or 17/17 = 1,0,

ACC was 43.3 missile captive carry hours per month, and MDT

was 14 days for ordering and shipping plus 62 days for

repair cycle which included 22 days actuial repair time for




“\A ;-«_w'

a total of 76 days or 2.53 months, the operational
availability of the AIM-9L missile would be:

A = 265.2 x 1.0
o 265.2 + (43.3 x 2.53)

= ,707

The operational availability (Ao) is dependent on
reliability, logistics time and captive carry rate. As an
example of how these variables can change the avail-
ability, consider the effect on operational availability
where spare missile sections are stocked at base level
rather than at the depot. The MDT can now be defined as
the verification of a bad missile at the missile main-
tenance activity test bench, removal and replacement
(R & R) of the failed section, and re-test of the new
missile unit. For this situation, MDT = 2 hours or .0028

months, therefore:

A = 265.2 x 1.0
o = 265.2 + (43.3 x .0028)

= ,999

There are several drawbacks with this analytical
approach. PFirst, the MDT was treated as a constant (2.53
months or .0028 months). In actuality, the mean down time
will approximate a normally or lognormally distributed
random variable. Second, this analytical model only used

the reliability of the Guidance and Control Section (GCS)

11

e




as determined in the Phase I test program. The model
icnored the reliability of the warhead, target detector,
rocket motor, etc., which, if included, would lower the
calculated availability. Although the AIM-9L availability
formula goes into more detail than other formulas reviewed
above, it is still an over-simplification of "real world"

missile availability.

The Logistics Management Institute developed a
deterministic model to identify the relationships among
system and subsystem reliability and availability design
requirements and life cycle costs. The purpose of the
model was to determine the optimum value of Mean Time
Between Failures (MTBF) for a number of subsystem or major
components of a system, such that the total life cycle
costs of the system as affected by MTBF will be at a
minimum. Three areas of cost included in the model are:
(1) cost of system down-time; (2) cost of achieving
reliability; and (3) cost of maintenance (which includes
the cost of spares) (9:3-4,26). One of the major
shortfalls of this model is that the amount of risk
associated with the reliability of alternatives was not
congsidered. 1In the systems development environment,
information regarding costs and results of the reliability
and maintainability alternatives is likely to be imperfect.

With the use of a computer simulation model, different

12




values for reliability and maintainability can be included

without difficulty and sensitivity analysis can be
performed to see how sensitive the model is to certain

parameters.

After review of the more prominent availability
models several deficiencies come to light:

1. Many analytical models employ simplification as
a means of stripping away unimportant details at the risk
of assuming simpler relationships. For instance, most
analytical models assume linear relationships between two
variables, even though we suspect that the true relation-
ship may be curvelinear.

2. Many models assume that over the time interval
being studied, the characteristics or output values of the
system or components remain constant. For example, most
electrical engineers work with models of cirscits bagad& on
constant values of resistors, diodes and capacitators, when
in reality the characteristics of these components may vary
as a function of temperature, humidity, and age.

After analysis of the deficiencies with an
analytical approach to weapon system availability, the
authors feel that a computerized system simulation approach
to the availability problem exists. If properly done, the l

systems simulation process of problem analysis, abstraction

of essential qualities and synthesis of the key elements of




a problem, will result in a model that approximates the

behavior of the real system under study (28:10-18).

Review of Existing Availability Models -
Simulation Models

Management today is becoming increasingly difficult
as the systems of our society become more complex. The
complexity is due to the interrelations among the various
elements of the organization and the physical system with
which it interacts. Changing one aspect of a system may
produce changes or create a need for changes in other parts
of a system. Since the arrival of electronic computers,

one of the most useful and important tools for analyzing

the design and operation of complex processes or systems is
simulation (21:1). Simulation provides the most flexible
and realistic repra2sentation for complex problems of any
guantitative procedure (28:256).

Shannon defines simulation as "the process of
designing a model of a real system and conducting experi-
ments with this model for the purpose of understanding the
behavior of the system or of evaluating various strategies

for the operation of the system.™ The functions of a model

are prediction and comparison or to provide a logical way
to forecast the outcomes of alternative actions; and
possibly make a preference among the alternatives. Models

help organize and sort out hazy concepts and inconsis-~

14




tencies. The construction of a model network of a complex
system forces modelers to think through what steps are
necessary and in what sequence to represent a realistic
situation. The model shows the needed interrelationships,
accomplishments, timing, required resources, etc.
Ambiguities and inconsistencies become evident when
building a model and, therefore, a more organized and valid
approach is taken in the problem-solving process (21:2-6).
The Aircraft Reliability and Maintainability
Simuylation (ARMS) model was developed to analyze the
capabilities and requirements of Army aircraft. This model
is capable of simulating a complex scenario and provides
numerous output data concerning the aircraft's capability
to perform in a given environment. ARMS enables management
to observe the impact of a proposed action prior to
implementation. The systems level impact of changes in
reliability and maintainability parameters at the component
level, the optimum mix of maintenance resources and the
effectiveness of alternate maintenance concepts can be
determined with ARMS (13:2). The ARMS model has three
major groups of logic: (1) control logic; (2) aircraft
mission logic; and (3) aircraft maintenance logic. Each
logic group is further divided into numerous routines and
subroutines. Detailed features of this model permit

correspondingly detailed support issues to be examined.
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However, the need for detailed data limits the usefulness
of the ARMS model for logistics planning early in the
development cycle. Long running times, large memory
requirements and computer costs limit the amount of
experimentation and replication that can be performed.

Recognizing the need for greater flexibility and
increased realism, recent Air Force sponsored availability
estimating techniques incorporate the use of computer simu-
lation. The Air Force Test and Evaluation Center (AFTEC)
attempted to modify the existing Logistics Composite Model
(LCOM) to estimate tactical missile availability. The
major deficiency with this modified LCOM simulation stems
from the fact that LCOM was initially intended to assess
base level support activities on aircraft flight opera-
tions. 1In addition, LCOM is a very complex model and its
analysis of missile availability is very time consuming and
expensive.

In an effort to avoid the problems with LCOM, AFTEC
initiated development of a less complex but more specific
simulation model designed to address AGM-65 missile system
availability. The new model, based on the Simulation
Language for Alternative Modeling (SLAM), provides a very
detailed description of the AGM~65 operating and mainte-
nance environment. Unfortunately, the SLAM model has been

less than successful in its intended purpose. The major

16




problems with the SLAM model are its lack of documentation,
its magssive data requirement and the fact that existing
maintenance and reliability data collection systems do not

allow for direct input into the SLAM model (5).

Significance of the Problem

Evaluating logistics performance (including weapon
system availability) with models currently available has
caused problems because the data required by the models is

not readily available (14:67). Limitations of models have

been identified by GAO investigators and the Joint AFSC/
AFLC Commander's Working Group on Life Cycle Cost. These

groups concluded that: (1) the models are not adequate or

—_—t

2

are too complex; (2) the input data required is difficult

TR

to obtain and there is a shortage of trained personnel to
;? do the analysis; (3) the models are not sensitive to

‘ relationships between design and performance; and (4) there
is little incentive for management to trade off technical

performance to improve system supportability because it is

difficult to quantify the benefits of such investments and
| tradeoffs (9:90; 19:34).

In light of the deficiencies of the models reviewed
above, this thesis effort will employ the Queuing-Graphical
Evaluation Review Technigue (Q~GERT). The graphical model
; associated with Q-GERT is a means of representing the

system under study. The network establishes a means by
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which the analyst can define and organize relationships

among system components, parameters of the system, and
decision points and rules within the system. When the
network is complete, the analyst may study it and determine
flaws in the design or the system or errors in logic even
before the network is run on the computer. Experience has

shown that networks are an excellent means of explaining

systems and system parameters to those not well versed in
the methods of Operations Research or Systems Analysis ;
(26:1-5). Both network modeling and computer simulation F
will be incorporated in this thesis. The detailed

procedures for building the Q-GERT simulation language

network model will be described in Chapter II of this

thesis.

Research Objectives
The intent of this thesis is to describe a Q-GERT

model development and analysis procedures applicable to

USAF tactical missile availability. Specific objectives

include:

1. 1Identification and definition of the AGM-65
maintenance and operational environment.

2. Definition of system parameters from existing
maintenance data collection s&stems and translation of
those parameters into a Q-GERT network.

3. 1Identification of the most significant forces
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affecting the availability of the AGM-65 migsile system.

4. Provide integration of missile system
reliability/maintainability data needed to measure missile
availability. N

5. Provide an improved conceptualization of
misgsile availability for other researchers to use to define

availability.

Research Questions

The research done in this thesis will address the
following questions:

1. What are the relationships between reliability
and maintainability with other elements in the AGM-65
missile system which affect the total availability of the
system?

2. Can a conceptualization of the inter-
relationships between the availability of a missile system
and the other elements of the system be developed and used
as the basis for a Q-GERT computer simulation model?

3. Can the developed model function as a manage-
ment tool, whereby, managers can evaluate the effect that
proposed changes in reliability/maintainability parameters

have on availability?

19
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Description of the USAF AGM-65A/B Maverick Missile

FIGURE l1-1: USAF Model AGM-65A/B Maverick Missile

The AGM-65A/B Maverick missile, Figure 1-1, is a
television-guided, rocket-propelled, air-to-ground missile
for use against field fortifications, surface~to-air
missile (SAM) sites, and armored vehicles (3:1-1). The
AGM-65A is identical to the AGM~65B in physical and
aerodynamic characteristics but differs in that the AGM-65B
provides for image magnification and provides different
electrically generated cockpit scope symbology. The

missile is capable of launch-and-leave operation through
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automatic missile guidance provided by an electro-optical
homing device.

Table 1~-1 lists major missile characteristics, r
major components and general functional descriptions. The :
forward section of the AGM-65, shown in Figure 1-2, ;
contains the guidance unit. The guidance unit is a |
hermetically sealed unit consisting of the electro-optical
seeker, guidance electronics, autopilot electronics, and

autopilot sensors. :

Hydraulic A
Guidance Center Actuation :
Section Section Section
(GS) (CS) (HAS)

! "\ e N

Y Y,

RS

‘ [
]
| |
1 |
: FORWARD SHEAR AFT -
h |
-} !

T T T T TTTN

¥
s . UMBILICAL
HOOK (REF) PIN  HOOK(REF) (REF)
GUIDANCE
UNIT
DOME
COVER
(e
UMBILICAL
ADAPTER
WARHEAD
SAFETY, ARMING
 ° - AND FUZING UNIT

ROCKET MOTOR
IGNITER CABLE

- [D> eLecTromecHanicaL
) VISUAL INDICATOR CONTROL
SURFACE
BATTERY (REF)

GAS BOTTLE(REF)

FIGURE 1-2: AGM-65A/B Major Sections
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TABLE 1-1

AGM-65A/B MISSILE CHARACTERISTICS

Size and Weight
Length
Diameter
Stabilizer span
Weight (prelaunch)
Weight (guidance unit)

Propulsion

Type

Guidance System
Type

Guidance head
Electrical power source

Control System
Control surfaces

Servopositioners
Hydraulic power source

Weapons Control System

97.7 inches

12 inches

28.5 inches

461 +15 pounds
88.30 +1.25 pounds

Solid Propellant dual
thrust (boost sustain)
rocket motor

Homing, proportional
navigation
Television-guided
Aircraft power while
captive; thermal battery
during launch and in
free-flight

Four; one pitch-roll pair,
one yaw-roll pair

FPour hydraulic
Compressed-gas-driven-
free-piston hydraulic pump

Aircraft weapons control
system of carrying
aircraft

—
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The center section consists of the missile main
structure and wing assembly which contains the warhead, the
safety, arming and fusing (SAF) unit, the battery and
rocket motor. The hydraulic actuation system (HAS) is
attached to the main structure and wing assembly and
converts electrical guidance unit commands into hydraulic
power to deflect missile control surfaces to steer and

stabilize the missile during launch and free flight.
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CHAPTER 1II

METHODOLOGY

Overview

Chapter II provides an introduction to the Q-GERT
simulation language and its application to the AGM-65
Maverick missile availability model. Chapter II explains
the various underlying assumptions used in the model prior
to operationally defining the model. The definition of the
model breaks the Q-GERT network into four distinct phases
and a clock mechanism used to control simulation

activities. A phase-by-phase discussion of the network

e

aids conceptualization and understanding. The chapter

concludes with a description of several model parameters

and explanation of the values assigned.

Model Language
To model this system, the Q-GERT (Graphical

. Evaluation and Review Technique for modeling Queues)
simulation language was used. The modeling philosophy of
. Q-GERT consists of four steps: (1) the system is broken
down into its significant elements; (2) the elements are

described and analyzed; (3) the elements are integrated

| into a model network; and (4) model evaluation provides an
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assessment of system performance (26:viii). Therefore,
Q-GERT provides a means of conceptualizing systems as well
as simulating them.

The Q-GERT modeling procedure consists of two
parts. First, the network diagram is developed, which
includes items flowing through the network (transactions),
activity or processing times and decision points and queues
(nodes). Next the graphical representation is converted
into Q~GERT instruction codes which correspond to node
types and activities/services. The Q-GERT Analysis Program
does the actual simulation and prints out the results and
statistics (26:4).

The two basic symbols in Q-GERT are nodes and
branches. Nodes are used to separate activities and
represent milestones. There are generally three sections
to a node symbol. The left section determines gqueue
capacity information and conditions for releasing a
transaction from a node. The center section determines how
a transaction is treated when it is released (allowing
transactions to flow through the remaining network). For
example, transactions that accumulate in a queue will be
released from the node either on a first-in, first-out
basis (F) or on a last-in, first-out basis (L). Attribute
assignment is also indicated in the center portion of the

node., Attribute values give a transaction an identity and

25




can be used to distinguish between types of transactions
and between transactions of the same type. The network
processes transactions differently based on attribute
values of transactions. The shape of the right side of the
node specifies the type of node (regular or gqueue), the
branching type (deterministic, probabilistic, or condi-
tional), and the node number. Table 2-1 (see pages 27-32)
explains the Q-GERT symbols used in the network flowchart
of missile availability.

Transactions pass through nodes and are routed
along activity branches designated by arrows drawn between
nodes. An activity represents either a time delay or a
service process. Service activities can only follow queue
nodes and are constrained by the number of work stations
(servers) available to perform the service activity.
Additionally, service activity occurs only when a work
station or server is free. Time delays and service times
are enclosed in parentheses along the activity branches.
The time value can be either a constant value or a sample
from a probability distribution. Also, information on the
server identification number, the number of parallel
servers, the probability of taking a branch and/or
cond .tions for taking a branch of the network may be

included.
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Several concepts included in the network flowchart

of missile availability require further explanation than
given in the symbol table (Table 2-1). Pirst is the
concept of allocating resources to transactions. A
resource is "an entity which is required by a transaction
before the transaction can proceed through the network®
(26:355). Until a resource type is available for alloca-
tion to a tranqaction, the flow of the transaction through
the network islhalted. Additionally, once a resource is
allocated to a transaction, it cannot be re-allocated until
the resource is freed or no longer being used. In the
missile availability network, resource allocation limits
the number of missiles that are available for flight to
twenty-four. The only time a resource is freed is when the
missile (transaction) goes to a maintenance queue.

Next, the concept of nodal modification needs
elaboration., Nodal modification involves the replacement
of one node by another node once an activity is complete.
This allows the modeler to set or reset switches as
activities are completed. For example, in the missile
availability network, the nodal modification indicates that

flying activity takes place eight hours a day, with sixteen

hours off.
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Model Assumptions

Shannon, in his book on systems simulation, defines
a model as a representation of an object, system, or idea
in some form other than that of the entity itself (28:4).
Depending on the complexity of the system to be modeled,
the model may be an exact replica or it may be an abstrac-
tion of the system's more prominent properties. A model of
the AGM-65 Maverick missile system is extremely complex and
requires significant abstraction and simplification. The
modeling effort seeks to analyze the missile availability
problem, abstract its important features, select and modify
basic assumptions, and then enrich and elaborate the model
until a useful approximation of the real AGM-65 missile
system results. Assumptions aﬁd important features of the
AGM-65 availability model include the following:

1. For modeling purposes, maintenance personnel
and support equipment, to include test equipment, vehicles,
and munitions handling equipment (MHE) will be assumed to
be available when needed. For example, in the guidance
section (GS) maintenance portion of the model, missile
maintenance technicians and associated equipment will be
available to remove and replace all failed GS transactions.
Numbers of personnel and equipment can be arbitrarily set

by the modeler.
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2. Upon arrival, all missiles will receive an
initial receiving inspection. Missiles rejected for any
reason will be returned to the shipper and exit the
simulation.

3. All missiles passing the receiving inspection

will enter the storage environment and remain there until a
requirement exists in the flight activity. A last-in,
first-out (LIFO) inventory system ensures the first
missiles into storage will remain in a protective envi-
ronment as long as possible.

4. The flying activity will be assumed to be
limited to twenty-four aircraft. The aircraft and
associated aircrews will be assumed to be available when
required.

5. Recognizing that many tactical aircraft are
capable of carrying a number of air-to-ground missiles in
various configurations, the simulation will limit one
missile to one aircraft.

6. All flying activities are captive carry
sorties, i.e., none of the missiles are launched or
inadvertently released and all return to base. (See
Chapter V, Conclusions and Recommendations, for suggested
launch embellishments).

7. Although the model allows for missile section

failures in flight, the failures do not effect aircraft

35
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performance and both aircraft and missile return to base
for post-flight inspection.
8. Once a missile has been identified as having a

failed section, it will be routed to the appropriate

maintenance activity. Reflecting the complexity of today's

missile components and current Air Force two-level missile

maintenance philosophy, the field maintenance activity will

be limited to section removal and replacement (R & R).
Field R & R activities are complemented by a depot repair
activity which has the necessary test equipment and
expertise to repair the item.

9. The maintenance activities will continue as
long as there are missiles to be processed. 1In this
manner, the maintenance activities attempt to keep pace
with the flying activity.

10. The AGM-65 availability model will use hours
for the simulation time units. This feature allows
additional flexibility and clarity.

11. Missiles are considered available unless the
missile is in an inspection, maintenance, or transport
activity. Missiles in storage are considered available.
Only when the breakout inspection identifies a bad missile
coming out of storage will the missile be considered

unavailable.
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Model Definition

The AGM-65 operations system modeled consists of
several distinct phases. The first portion of the system
is the missile generation phase. This phase simulates the
arrival of a given number of AGM-65 Maverick misgiles to a
Tactical Fighter Wing. While in this phase, the missiles
receive a randomly selected mean time between failure
(MTBF) for each of the three major missile sections. 1In
addition, each migssile undergoes a receiving inspection
which rejects damaged or defective missiles. Misgsiles that
pass the receiving inspection proceed to the storage phase.

The storage phase consists of the storage environ-
ment where minor deterioration of the migsile stockpile
occurs. Subsequent removal from storage (more commonly
called "breakout” from storage) and the accompanying break-
out inspection identify defective missiles. After the
breakout inspection, missiles that fail enter the appro-
priate maintenance activity depending on which section
fails. Missiles that pass the breakout inspection flow
into an "“available" missile queue. The available mi